Abstract. Galicia, placed in northwest of Spain, is a clear example of global wind energy development as a consequence of its climate conditions. Despite this fact, previous research works have indicated a climate change in the next years that must be considered at the time of wind turbine design, selection, and placement. In this work, information about weather conditions and power output from twenty four wind turbines was sampled in a typical year, and a statistic study was done. Based on this information, a model that relates weather to power conversion in this particular region and wind turbines model was obtained. This particular procedure lets us de ne the e ect of climate change over wind power on Galician wind farms. Results showed a 10% power output fall during spring and summer seasons. Therefore, future studies about new technologies that work out well under those conditions, such as low wind turbines, must be done. At the same time, results can be employed for future wind turbines placement optimization. Finally, nowadays, there is no standard or procedure to consider this highly complex situation, and so the present work aims to be the initial guide.
Introduction
European weather starts from the Atlantic, and consequently, what happens over there determines the weather and climate of Europe to a large extent. To be more precise, Galicia is located in northwest of Spain where the climate is mild and mainly in uenced by the Azores anticyclone, the Iceland depression, and the central Europe thermal anticyclone.
As a result of this climate, regions, such as Jylland in Denmark and Galicia, are notable as the leading global wind energy development and grid integration. It is known that wind-powered future would mean reducing risks related to fossil and nuclear fuels. Not only does wind power involve no geo-political risk, but also it reduces external energy dependence and the need for energy imports together with no fuel costs, no fuel price risk, no resource constraints, no CO 2 , or any other harmful emissions or radioactive waste [1] .
On the other hand, recent papers [2] [3] [4] [5] have shown that climate change might alter this situation due to wind turbines' power conversion which depends mainly on moist air density and wind velocity. For example, nowadays, wind turbines farms are selected according to wind frequency [6] and direction, but if we consider the maximum power a wind turbine can convert from a free air stream, then we can draw the conclusion that moist air density can a ect this issue, and then the climate change is sure to follow.
As a consequence, the e ect of the climate change can involve an error on wind turbine selection and its behaviour once it is put in. These e ects are really signi cant when we consider the fact that a contribution [7] of the wind energy to the European electricity consumption of about 22.6% (965 TWh) by 2030 is expected, and the average size of a wind turbine will be 2 MW onshore and 10 MW o shore. Then, only 90,000 turbines (75,000 onshore and 15,000 o shore) would be needed to ful ll the 300 GW target. Furthermore, being the technical lifetime for a turbine twenty years onshore and twenty-ve years o shore, it is the right time to consider new development pathways, such as lower moist air density and low speed wind turbines.
Taking previous eld reports as reference [8] , in this paper, twenty-four wind turbines are analysed in a typical year to get a model that relates weather to power conversion. Once that model is achieved, the climate change is assessed in wind turbines in Galicia.
Materials and methods
In this paper, a farm with twenty-four wind turbines was tested during a typical year under di erent weather conditions. Once this was achieved, this model was employed to explain the climate change with wind turbines.
Climatic data
The climatic data were sampled in 50 weather stations located in the main interesting points in Galicia, as we can see in Table 1 . Its climate is a ected by the Atlantic Ocean winds, Siam 2008 [9] .
In previous research works [10] , it is shown that climate change is more than temperature, and other parameters, such as wave height, can be among the a ective factors. In our case, wind power can be directly related to relative humidity and wind velocity. In consequence, these meteorological stations show variables, such as temperature, relative humidity, and wind speed, among others, with a sample frequency from about ve to ten minutes. Furthermore, its temperature, relative humidity, and wind velocity margin of error are of 0.1 C, 0.2%, and 0.1 m/s, respectively.
Finally, these weather stations have been chosen for this study due to the fact that they avoid the buildings and other parameters that could interfere with the sample data, according to ASHRAE 2005 measuring conditions. In consequence, their height and placement are considered adequate for wind speed observation [11] .
Climatic change predictions
Models of climatic change were obtained from references after a curve t for each season, according to Eqs. (1) to (4 
where t is the mean seasonal temperature increment ( C); and is the time (years). Once these models are obtained, they can be used to predict the climate change in Galicia for the next twenty years. The year 2030 was chosen due to the high expectancy of the wind energy contribution from the wind turbines to the European electricity and also because wind turbines have an average technical lifetime of twenty years.
E ect of moist air density on wind power
As it was already mentioned, the aim of this research is to show the relationship between climatic conditions and the wind power conversion. In order to provide a reference for this power output, it will be compared to the power of the free-air stream, which ows through the same cross-sectional area A, without extracting the mechanical power. On the other hand, ASHRAE psychometric equations let us de ne moist air speci c volume, as shown in Eq. (5) 
where W is the humidity ratio (kg/kg); T is the mean temperature (K); and P is the total pressure (Pa). Finally, we must remember that the moist air density is the inverse of its speci c volume, according to Eq. (6):
where is the moist air density (kg/m 3 ). The software EES (Engineering Equation Solver) was employed to automate the process during the design process.
Curve t
Once the real annual samples of the wind power conversion data were obtained from wind farms, they were related to the weather conditions during the same year by the statistical software SPSS 11.0. In particular, a 3D curve t was designed to de ne an adequate model that would enable us to predict the future wind power production. The results are shown in Figure 1 .
Results and discussion
As it was explained in advance, this paper relates real wind turbine power conversion to climate, weather, and future climate change that will have e ect on the wind turbines design, their location, and their power conversion. Hourly climatic conditions in wind turbines farm were sampled with real wind power. The temperature, the relative humidity, the wind velocity, and the wind power conversion were sampled for each season of the last few years. These gures prove that climatic conditions are mild with a high mean relative humidity of 80% during the whole year. The temperature shows a clear variation between winter and summer seasons from 4 C in winter to 14 C in summer. Wind velocity ranges from 4 m/s to 12 m/s mainly in the winter season. These values are in Figure 1 . Curve t among the wind power, the wind velocity, and the moist air density.
agreement with previous research works about the ocean wind energy resource and trends [13] [14] , and all these variables will simultaneously in uence the wind power obtained. After studying the climatic conditions and the wind power conversion in the past year, it is interesting to settle its relationship. To prove it, a 3D t of real sample data was done to relate the power conversion and climatic conditions of temperature and relative humidity, expressed as moist air density, in a wind turbine farm. Results proved the adequate model as a function of moist air density and a cube of wind velocity for a correlation factor of 0.99, as seen in Figure 1 and Eq. (7): P ow = 249492:18+21722274:+1128:9655:V 3 ; (7) where P ow is the wind power (kWh); is the moist air density (kg/m 3 ); and V is the wind velocity (m/s).
The resulting model presents some constants that consider real factors, such as ambience and wind turbine characteristics. This model could be employed to predict that power conversion can respect climatic conditions. The average temperatures and the wind velocity for the last ten years are represented in Figures 2 and 3 , and its corresponding power conversion is shown in Figure 4 for each season, according to the resulting model. These gures prove that seasonal climatic conditions respect the wind power conversion. Figure 2 shows the annual mean temperature of the wind farm zone for each di erent season. Therefore, the mean temperature in the summer shows its higher value at about 16 C, and in winter, it is at 7 C. Autumn and spring seasons present intermediate values of 13 and 11 C, respectively.
On the other hand, mean wind farm seasonal velocity is shown in Figure 3 . This gure shows a summer mean velocity of 3.5 m/s that is the lowest value compared to 5.5 m/s in the other seasons. This mean velocity is a consequence of the Azores anticyclone, as explained before.
In Figure 4 , it can be seen that a mean value is similar to the nominal power obtained during spring and autumn seasons. This power rises to a value of 20 MWh during the winter. Finally, during the summer time, this wind power is experimented in a clear fall regarding the other seasons with a mean value of 10 MWh. These curves let us understand that although the mean wind velocity is nearly the same in spring as it is in autumn, it will be the mean temperature as the one that controls the wind power conversion. This e ect will be present when we try to predict the climate e ect on wind power conversion, because a temperature rise as a consequence of the climate change will modify wind power production in these years if the same wind turbines would still be working. Therefore, once the relationship between climate and wind power conversion is proved, it is interesting to know which climate will e ect on wind turbines production. The references showed four linear adjustments in the average temperature rise during the last few years that let us predict the future mean temperature for each season, as seen in Figure 5 and in Eqs. (1) to (4) . It is interesting to point out that the winter and summer seasons show the same annual temperature rise ratios, although the highest rise is shown in the spring time. This temperatures rise will involve a value of 3, 2.1, and 1.3 C in spring, winter, and autumn seasons by 2030, respectively, as seen in Figure 5 . These values of temperature, mean relative humidity, and wind velocity are introduced in the resulting model, showing that the highest power reduction reaching a value of 9% by 2030 will happen in the springtime and that in the summer it will be about 7%. In winter and autumn winds, the power reduction will be about 6% of the current farm wind power, as we can see in Figure 6 .
If we consider that there are not any wind turbines operating by 2030 due to the fact that the technical lifetime for a turbine is twenty years onshore and twenty-ve years o shore, then it is the right time to consider new development pathways that could yield very great returns for technology. We should also consider the diversity of turbine types and materials used twenty years ago, which proves this point. The small wind energy sector is just one example of a leviathan starving to death for the lack of a longterm research [15] [16] [17] [18] . A lower moist air density and a higher frequency of extreme wind velocities should be considered when it comes to research studies.
These low speed wind turbines must be analysed with di erent rotors, such as the Savonius rotors [19] [20] [21] [22] , and this should be done in depth in future papers.
Conclusions
In this paper, real wind farm power conversion was sampled during a typical year simultaneously with climatic conditions. As a consequence of these mean values, wind power conversion shows maximum mean value during the winter season and minimum mean during the summer as a result of its mean wind velocity. Furthermore, the A 3D model was obtained and tested under predicted temperature. Results showed that the highest power reduction reaching a value of 9% by 2030 would happen in the spring season, and that it will be about 7% in the summer. In winter and autumn, the wind power reduction will be about 6% of the current farm wind power.
Finally, we must remember that wind power can make a substantial contribution to the EU emission reduction targets under the Kyoto protocol. The wind could comply with the 30% of the Union's obligation by 2010 if there is enough emphasis on the technological R&D and market development. Therefore, if we consider that nowadays there are not any wind turbines operating by 2030 due to the fact that the technical lifetime for a turbine is twenty years onshore and twenty-ve years o shore, then it is the right time to consider new development pathways that could yield very great returns for the technology like low speed wind turbines. 
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